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"■ (57)" This invention relates to a largVdiameter, thick- • 
r waif martensitic ;; iitainiess steel welded pipe. For- this- 
fr welded piperthe p size i "6f the raised weld beaTd portibn'bn- 1 
" trie' inside' surf ace r 1s" restricted to be sittall based on a^ 
"cqnditiohaf formula ^derived by considering the bead' 
" WidtW and height arid the yield strength of the basemetal ^ - 



-vafe superior in corrosion resistance, in particular stress 
- corrosion cracking ; resistance (SCC resistance). -The 
sulfide-stress corrosion resistance (sour gas resistance) 
o and carbon dioxide corrosion resistance can be further 
improved by selecting the chemical compositions/This 
welded pipe is very well suited for use as a pipe for a 
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Description 
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[0001 ] This invention relates to a martehsitic stainless steel welded pipe excellent in corrosion resistance, in particular 
in stress corrosion cracking resistance. More particularly^ relates to a martensitic stainless steel large-diameter and 
thick-wall welded pipe exceeding 20.inches in outside-diameter and exceeding 0.5 inch in wall thickness, which is used 
in a pipeline, in particular a trunk line? for convey ing a fluid such as oil or natural gas readily corroding metal?. 



10 BACKGROUND ART . - ". 



[0002] Large-diameter, thick-wall. stainless steel pipes exceeding 20 inches in outside diameter and 0.5 inch in wall 
thickness ana jfflg&WKl trunk lines, for conveying oils or natural gases which readily cause 



corrosion of metals. r 
is ro003] Such' large-diameteT, thick^wafl pipeslare-generally produced by a process which comprises -forming a- thick 
plate or hot strip into an opep ; ^§%s r pi^%mVby bending and then welding the , joining portions togetherTThe steel 
pipes produced 'by such a process aVecalledtJo pipes brspir'al pipes. - ' ■"' J- J." ; * „,\ 

[00041 UO pipes are produced by a fonfiiSg'process comprising the steps referred to by the alphabetic letters (U and 
O) indicative of ttW name givln thVretorin this^'rocess, a thick plate is formed into an open pipe form bent by using a 
so u press, then the side edges°are joined tS'eTfch' other to form a pipe shape by means of an O press and the joining 
rtions are w'e?ded*'t'oge?her~ i ' '* T,or irt:?,M 
rO0O5] S Spirafpipes are produced by f onming' a hot strip into a pipe shape by spirally behdifigthl hot strip in succession 
and then weldir^'^^lhfi^g'p^'&W^SBr^i-rfekte edge to side ej^ of the strip. . ....... .. , 

[O0OS1 Processes other than those mentioned above are also' available for the production of large-diameter, th.ck- 
25 wall pipes For example, fi&re" is a prb&ss which comprises forming a thick plate into a pipe-like shape using a 3-roll 
type forming ^^e'c^Bd ronM^ ftjftf& seam-welding the side edge to side edge in order to join portions of 

the thick plate together. . ... t ., . 

[0007] I n producing these large-diameter, thick-wall pipes, the submerged arc welding method' (hereinafter referred 
to as "SAW method") is widely used. In producing large-diameter, thick-wall pipes by- weldingrone^layer welding is 
so generally carried out from each of inside and outside of- the pipe. Further, when the wall of the- material is thick, multi 
pass (at least three) layer welding, in Whfcft 4tTOo@nftiKbead layers are formed. from 6he?6n both" /sides, may be 
conducted in some instances. 

[0008] HeretoforeMn producing, large-diameter, thick-wall-welded pipes.to be used in .conveying fluids,- such, as oils 
and natural gases', readily causing corrosionrof -metals, steel plates made of carbon steel.or.lpw-alloy, steel.pontaining 

35 at most about 1% by mass of Cr have been used as the base metals together with welding materials, The reason why 
large-diameter, thick-wall welded pipes made of. carbon steel, which is inferior in.corrosipn resistance, havebeen used 
is that carbon steel is economically more advantageous. However, carbon steel is poor in corrosion resistance, There- 
fore for pipelines' constituted of welded.pipes.made of carbon steel,; it, has been a common .practice, to. subject the 
crude oil or natural gas obtained from an oil well.tp.dehydration to, therebyjedu.ee the coiTosiy^ness.oyhe.f.luid, 

40 [0009] However thexost of construction: of the dehydration; equipment and the platform fpahe installation^ thereof 
is high Therefore, the use of a more corrosion-resistant material has been begun for the production of pipes for pipelines 
while omitting the dehydration equipment. The material having higher corrosion resistance includes stainless steel. 
[0010] In this case, neither dehydration equipment nor platform therefor is required at exploration locations and this 
fact is very advantageous to the exploration of small-scale^! or gas wells, for example horizontal wells, which cannot 

45 have been drilled. Specifically, it is an advantage that crude oils can be conveyed through such pipelines to an existing 
platform and collectively treated there for dehydration. 

[0011] In high-latitude districts at north latitude 70° or higher where future exploration is expected, for example oil 
wells in the North Sea, the platform construction itself is difficult from the viewpoint of. waves on the sea. In that case, 
it is necessary to transport crude oils through pipelines.wrthput dehydration treatment. 

[001 2] With such background, large-djameter, tnick-wall welded pipes enabling the omission of dehydration treatment 
are more and more desired for conveying fluidsVeadily corrosive' against rrietalsr : 

[001 3] Some stainless'steels which are highly corrosion-resistant and suitable for conveying such fluids as mentioned 
above and seamless pipes or electric resistance welded pipes or laser welded pipes made thereof with a relatively 
small diameter and a relatively thin wall, have been proposed. As fortarge-diameter, thick-wall welded pipes made of 
55 stainless steel, welded pipes and base metals tKerefor are disclosed in JP Kokai H10-60599 and JP Kokai H12-8144, 

for instance. - , „ , 

[0014] For the above application, martensitic stainless steel containing 9-13% by mass of Cr are used from the 
economical viewpoint. This is because martensitic stainless steel has, in addition to the economical feature, sufficient 
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corrosion resistance under such circumstances as mentioned above, and is excellent in hot workability and, therefore, 
can readily be made into thick plates or hot-rolled plates, which are materials for the production of welded pipes. 
[0015] It has been considered that these martensitic stainless steels used for base metals and the weld metals of 
seam weld portions are excellent in stress corrosion cracking resistance (hereinafter referred to as M SCC resistance"), 
carbon dioxide gas corrosion resistance (hereinafter referred to as "C0 2 resistance") and sulfide stress corrosion re- 
sistance (hereinafter referred to as °SSC resistance" or "sour gas resistance") ; ■ ; 

[0016] However, it has been revealed that when welded pipes made of martensitic stainless steel are used in a 
pipeline for conveying a corrosive fluid without dehydration, stress : corrosion cracking (hereinafter referred to as "SCC") 
tends to occur at the weld portion of the pipe inside surface. In particular, with large-diameter, thick-wall welded pipes 
produced by the SAW method without cutting off the weld bead on the pipe inside.and outside surfaces, the tendency 
toward occurrence of SCC is significant Furthermore, it has become apparent that.even if the pipes have SCC resist- 
ance, the base metal and weld metal may be poor/m sour gas resistance and the weld metal may be high in weld hot 
cracking susceptibility in some instances. . . . ■ 



•sr. t; 



15 DISCLOSURE OF THE INVENTION 



vi'- [O0T7] rr The objecf'bf the present invention is to provide a large-diameter, thick-wall martensitic stainless steel wejded 

* pipVexcellentin corrosion resistance; in particular stress corrosion cracking resistance (SCC resistance), at the base 
metal portion and the seam weld portion of pipe inside surface and, further, excellent in sulfide stress corrosion resist- 

• [0018]' TheTstairTless steel welded pipe of the invention is composed of a base metal which is a stainless steel co n - 
^'taining not moreWalf 0:05%by mass of C and SM20% by mass of Cr and having metallurgical microstructu res comprising 

W fulllfraltehsit^phasevor-a martensite' phase as the main constituent with a ferrite, phase, contained therein.and a 
seam weld metal which is a stainless steel containing not more than 0.1% by mass of C and 7-20% by mass of Cr and 
' having metallurgical ^micrbstructures comprising a martensite:phase as the main constituent with.an.austenite. phase 
' contained therein". Further^the seam weld bead on the inside surface of the:welded pipe, of the : inyention satisfies the 
'^'fbllowirTg relation (1>-~* ^ -<* "< *'* ' ■ - '-• • - « - 



LI 0.2 x W 



(1) 



where L: the length of the portions of the seam weld bead showing a value of h which exceeds 1 .25 as calculated by 
the expression (2) shown below: 



35 



h = {1 + (2 x H/W)} x (YS B100 /YS w100 ) 



(2) 



45 



50 



where 

Hilar"! >A«d I :n ^^rcv. 'Th- ■ nf-.l -jyi ; ' ■ ' , * .• 
40 • tf cthe.heig^ v;\ v 

ry n ^fiW:;the;Wjp5h pMhe : be ; ad ; (mrn) )n , * c ,..-i *<t\ >-*;>h;\*- •-'»<;• o 

.rl ( r^r r yS B10 ohthe;yield strength of the^base metal at ,100 t °C (M^a), ; , ,. or: ,, 

rtY.SwiooUhe yje!d^rength-qf the.weld metal at 1 00°C (MPa). , t „ s r -. nv rnu - r Hr 
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[00191 As for the metaTlugical Wcrostructlfres of the base metal and weld metal, those of the base metal are desirably 
constituted of 55-90% martensite phase and-1 0-45% ferrite phase and those of the' weld metal are desirably constituted 
of 70-95% martensite phase and 5-30% austenlte phase, on the volume %' basis: - 

[0020] The contents of crTemical components other than C and Cr of the base metal and of the weld metal of the 
seam weld portion of the Welded pipe of'the invention are desirably within the respective ranges shown below: 



For the base metal, on the mass % basis: 



Si | 


0.01-1%, ! 


sol. Al 


0.001-0.1% 


Mn 


0.05-2% : 


V 


0-0.5&/- 


Ni 


0-9%, 


Zr 


0-0.5%, 


Mo 


0-5%, ' 


Ca 


0-0.05%, 


W 


j 6-6%, 


: Mg 


| 0-0.05%, 

i 
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(continued) 





..For the base metal, on the mass % basis: , 


. 1 • " * . « . . . • • - 


L>U • U-O /o, 


Ti 
1 1 


• not more than 0.1%, : 

• 


5 - •• • • ■ " 


* . ■ 

■ » * 


Balance' 


j Fe and impurities;* ■ 




For,the weld, meta 


1, on the m 

. * -. 


ass% basis: _ _ _ 




SiHv! 0:0:1-1%,- j 

• 


sol. Al 


f j 0.001-0.1%; 




--Mri-^'j 0.05-2%," 


v 


• j •o-p.3%r r:,r - 1 >: 


to • 


nkH b-io%, 


Zr 






* Mo s 0-5%7 


: Ca 


| b-d.03%,* J v * ■ ; 




v\r ; 0-3%, 

• 


Mg 


jjO-0.03%! " ' _ 




Cu j 0-3%, 


j Ti - 


j not more than 0.i%, 

• 


f5 


■ 
• 
■ 
■ 

■ 

■ 


| Balance 


| Fe and impurities. r , 



r0021F Wr both the base metal and weld metal, the contents of P, S and O (oxygen) among the impurities are desirably 
as follows: P: not more than 0:025%, S: not more than 0.01%- and O: not more than 0.01%, while the content of N is 
desirably not more than 0.02% for the base metal and not more than.0.05% for . the. weld metal..- 
r0022] The welded pipe mentioned above is a basic welded pipe of the present invention, - and the welded pipe of 
the invention' which satisfied ! the above' conditions is excellent inSCe.resistance r in.particular.,The base metahused 
for pipe production-may be theone as hot rolled: Further, this pipe shows sufficient SCC resistance and CG 2 resistance 
even when theheat treatment of the heat affected zone of the base metal and of the weld metal portion is omitted after 

^023pvThe contents of Cr, Ni andTi in the base metal of the basic welded pipe of the invention desirably fall. within 
•the^espective'ranges given beiow and further satisfy the relations (3) and. (4) given below. In this case, even when the 
base metal is as hot rolled, it is excellent not only in SCC resistance but also in sour gas resistance and, even when 
the heat treatment of the weld portion after welding is omitted, these resistances are satisfactory. 



Cr j 11-20%, Ti 
Ni I 3-7%, 



not more than 0.05%, 



; . . 



Cr+ 1.5MO - Ni - 0.4Cu -14^0 
Cr +1 .5Mo - 2Ni - 0.8CU - 12.5 S 0 



(3) 



(4) 
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[00241 For the above basic welded pipe, it is also desirable that the Cr, Ni, Mo and Ti contents of the base metal as 
shown below are combined with the Cr, Ni, Mo andTi contents of the Weld meiai a* W 

composition of the weld metal satisfy the relations (5) and (6) given below. In this case, even when the heat treatment 
of the weld portion after welding is omitted, the base metal and weld metal excellent iri toughness; and strength 
and the weld metal portion is excellent with respect to sour gas resistance and weld hot cracking susceptibility. 



Base metal: . ..... . 


Cr, U15-20%,v > 


• 


::NiJ-ri:4-7%i^ v ' 

• 


Tr. .-'--I not.morethan 0.015%;. 


Weld "metal: 




Cr j 11-18%,,- . 


Mo~M,.5 : 45f>, . .. 


Ni j 5-10%, 


W i 0-4%; - ••- 

■ ■ > .1* - 


Ti I not more than 0.03%, 
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-1 gCr+Mo-1 .7Ni ^ 13-220 x O (oxygen) 



(5) 
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25 ^ Cr+ Mo + 1.8Ni ^ 30 " 



(6) 



• f • *. . ■ A •,*'>:•.-. . • ->' 1 -i . i . 

[0025] • In addition to the welded.pipe mentioned above, the basic welded pipe accordingjo the, inyention, when the 
base metal and seam weld metal have the chemical compositions respectively givenbelow on the mass % basis, shows 
the highest SCC resistances DO^ _ ^. ;' ' • - > : . ; -i * - . r * v 





• *** . *^ **** r 

»'C oo.is^isfrr >< •■ ■ 














Base metal- ■ P ; •■: 








■t ■ . ■ .. 






SS ! not more than 0.5%, 


i 

■ *v 

H 


• 
* 
t 

i 
» 

1 


Hot more than 6.1 % , 
0-3%, 

.0-0.3%, . ...... 




* -* 

s*. 




• 

. Mn.. i not.morethan 1%, 
. Cr , ! 9*1,7%, . . 


Cu 

v 


B 
• 
■ 
■ 

* 
• 
■ 

• a 
1 

ft i 


- * • ' * * '■ — „ 


»<■ ii*' 


•. f : " * 1 ■ n.-* ^ w 


:| Nif, Lp-9%... , 


.^a r . f ". 


■ 
• 
• 

: " 

' • i 
• 


0r0.01%,-.. - . . 


» h *• 
v J » 


- ' 


'•*.». >„ rjj; j 1 • , 




Balance 


« 
• 
• 

• ft 


Fe and ..impurities^ 




'i #< i 


. r * ■<':- • i '•>-..* .. • 


Weld metal: ' " 11 




• f 




% • - 


. - • 




• - 

.z,.G C 4«i. not -more than. 0.05%, , 




■ 

• 


not more. than 0.1%, 




- * n - 

v ' » - 




-Si^n i not.more than 0.5%, . 


Cu 


• 

• 
■ 


0^3%, . v . ■ • i* 






j • C C_ * t i ■ i|„ ■ 


; Mn - j not more than 1%, 


V 


• 

s 

■j 

* 
i 


0.-0:2%i , r - 






ii > .i it., » - . •■ ' • . j v 


;cpH 9-20%,^ 


Ga 


a 

i 

>. 1 

B 

I 

« 


0-0.01%,- - • 




, , - ; 




Ni | 0-9%, 


B 


• 
■ 
• 
■ 

1 

• 


0-0.01%, 






£ r — ,. 7 -,*-■ — • «. \f— * .- 1 - . 


w ■ ro-3%," 


Balance 


* 

ft 
■ 
• 
ft 
■ 
. ft 


Fe and impu rities:* ; ' 







r00261 The above-mentioned welded pipe of the invention is most suited fbr use as a pipe for a pipeline for conveying 
crude oil or natural ,gas without dehydration. . 

^Uii-^^- Vi_ j-l: .rLisir *?SSifck;*-j v^^« i^^^ .Vi^i^Ah Ki-Ao J ahH'thi f t^rm'"larnp riiameter" means not 




BRIEF DESCRIPTION OF THE DRAWINGS 



[0028] 



Fig. 1 is a schematic drawing illustrating the sectional structure, of the seam of an ordinary large-diameter, thick- 
wall welded pipe. 

Fig..2A and Fig. 2B are drawings illustrating the method of providing a bending stress for the SCO resistance and 
sour gas resistance tesS as used in the examples. Fig. 2A is a sectionaf view of a jig for prwicling fo'di^hgstrtes 
and Fig. 2B is a drawing illustrating a state of a 4-point bending stress being imposed. nciiS " t '^ 
Fig. 3 is a schematic representation of the sectional structure of the weld made from the single pass weld material 

:; used in Examples 1 and 2. nor, - v ■ ,r v * ' c; - - 

Fig. 4 is a drawing showing the site^oT test specimen sampling for the tests made in the examples, namely the site 
of collection of 4-point bending test specimens from the single pass weld material for SCC resistance and sour 
qas .resistance testing. ^ - ■ ; ,.. w , . , . " 

' Un ^ft5is^rawmgkribw^ 

of collection of 4-point bending test specimens from the welded pipe for SCC resistance ani sou" r gas>esistahce 

testing. * 



BEST MODES FOR CARRYING 1 OUT THE INVENTION 



; [0029] As mentioned above, crude oils and natural gases, when the treatment for dehydration thereof is omitted, 
may cause corrosion of metals. When large-diameter, thick-wall martensitic stainless steel welded pipes produced by 
the SAW method are applied to pipelines for conveying such fluids, stress corrosion cracking (SCC) generally tends 
to occur on the seam weld on the pipe inside surface. ■ ( f _ - > 

[0030] ..The present ^^inventors^veale'd that the above SCC occurs mainly at the weld bead toe! They elucidated ftie 

cause thereof and have now 

[0031] '{ Fig, 1 is a "sch em at id drawing illustrating the sectional structure of the seam weld of an ordinary large-diameter, 
thick-wall welded pipe. 
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[0032] For the welded pipe 1 according to the invention, the size and number of the convexes of the weld on the 
pipe inside surface are restricted by considering the width and height of the weld bead 3 on the pipe inside surface 
and the yield strength of the base metal and of the weld metal at the temperature 1 00°C. As a result, the stress con- 
centration at the 5 weld bead ^to'e^ caused by the shape of -the weld bead is suppressed and it becomes possible to 
5 pFevenfthe occurrence' of cracking caused by the difference in strength between the base metal and weld -metal at 
high temperatures up to 100°C. In particular, the synergy effect in preventing the SCC resulting from those two effects 
is significant. Therefore, the welded pipe of the invention exhibits good SCC resistance even in fluids containing high 
concentrations of chlorides and C0 2 at high temperatures up to about 100°C; -iv- - 

r00331 The reason why*S*CCJends7to76ccur at the toe 4 of . the weld-bead 3;on the pipe inside surface may be 

10 mentioned more specifically as follows. .... . 

[0034] In producing martensitic stainless steel welded pipes, the weld material (welding wire) generally used is a 
duplex stainless steel containing not less 'than 22% by mass of Cr and comprising a ferrrte phase and an austenite 
phase or a super duplex stainless steefcbntaining not less than 25% by mass of Cr. Of the weld materials mentioned 
above, the duplex stainless steel if superior in corrosion resistance to the base metal while the super duplex stainless 

15 steel is superior in corrosion resistance and strength to the base ^ metal 7 When, .onjthe other hand, a martensitic weld 
material having the same component series- as the base metal- is used r -the -weld material is selected among those 
having a chemical composition ailowiricj theTormation of an austenfte^prTaseln^trfe'-weld metal. The reason is that since 
martensitic stainless steel is high in weld cold cracking susceptibility," the cold cracking should be inhibited by forming 
an austenite phase. In cases where a fefrite phase is present in the weld metal; weld hot cracking tends to occur readily 

20 and therefore the metallurgical microstructures should comprise two phases, namely a martensite phase and an austen- 
ite phase. ~ - ^ v 

[0035] The weld metal having dual phase microstructure containing austenite phase shows more markable decreas- 
es in strength, in particular in yield strength, at high temperatures up to about 100?C as compared with base metals 
. having substantially single-phase martensite micro structures.. Therefore, the yield strength of the weld metal is lower 
25 ' than that' of the base metal in a high temperature service environment. In particular wh eh used" in a pipeline, the pipe 
undergoes.hoop.stress.due.to tension during use and, Iheref ore,. greater sti^lns aremposed orvthe weld metal inferior 

stress and the s^ess ^ overlap with^each otter, which result m an^exc^ssrve increase in 

the strain on the weld metal side of theweld bead toe. Where the welded pipe of the invention is concerned, the strain 
so at the weld bead toe on the pipe inside surface is prevented from occurring.^ the means described below,, hence SCC 

hardly occurs. 1 . 

[0036] In the following, the welded pipe of the invention is described more specifically. The representation b£ /o oT 

the content of each chemical component means % by mass. 
35 Shape of the weld bead on the pipe inside surface: : . 



40 
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[00^^ index h of the ^jj^joi?,^?. P««>««^wrt^ 1 te ;^*!! ****** 

following equation (2): c .,,.,^ (n , 0l , „ :J ,, ss3 . , r.^s^.v,,, ■ -V. 

-MBtn b^'A/ '-?,fO oi^^-l*' vi/ >""0> " 'n-r-r^ m • * * i-i ■« <"?»■";«■"* i -:..~t- > "> ;■*<:,•(■.. ; -. 

h = {1 + (2 x H/W)} x (YS B100 /YS w100 ) ■■■••«■ =••■•- J : ■ • ■ . (2) 

[0038] " Informula (2), H (mm) represents the height of the weld bead 3 from the pipe^ inside : _surfa^,. W (mm) the 
, ; widthpf ,the bead, ; YS B400 (MRa^the yield strength of the. base. metel at 100!C and YS^^P^^y}^s[rBn^h of 

45 the weld metarat.100°C.,. - - . t- ^-v.r; -z^.^n'.r :o irs<:r t .v i.v .-v^:* : 

[0039] For the welded pipe of the invention, the value of the index h defined by the above formula (2) which i is equal 
to 1.25 is taken as a standard index value. And, the length L, in the weld bead direction, of those convexes of the 
welded pipe whose h exceeds 1 2.5 is determined. L should satisfy t^e following relation (1): . ... 



[0040] The reason why SCC resistance evaluation is made based ^ of h = 1.25 .and relation (1) is 

that this combination enables the most accurate appreciation of the S'QC resistance,. .. . „ r . , 

55 [0041] In the case of spiral welded pipes, the term "in the weld beaddirecti^ as.useb herein means the direction 
of the fusion line of the spiral seam. The above standard is very effective for evaluating, for SCC resistance, welded 
pipes particularly intended for conveying high -temperature fluids untreated' for dehydration, such as crude oils rich in 
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chlorides and containing carbon dioxide gas. ...v..; 

[0042] • Referring to the above formula (2), theyield strength values at 100?O for the base metal and weld metal are 
employed because, in those pipelines where the welded pipe of the invention is mainly used, the pipe insjde temperature 
is-gefierally at most about 100?C.-^<- 'j~ - - ■ ."J . 



•Metallugicarmicrostmcturesof the base metal and weld metal: • . • : - r 

[0043] : The metallugical micro'sfructures of the base metal should consist mainly of a martensite Rhase containing; a 
■* feYnte^phase. Althoug^the base metal may comprise a full martensite.phase.a thick plate or t hotxroMedplate^with^a 
10 single phase 'Which is Wrhaterial for a welded pipe, is excessively highin strength, hence the condjtipnsof.usethereof 
■ are restricted- for example/^it is, less workable and the welded pipe -as-welded condition ,can,hardly^be used.wjthout 
heat treatment after production. Therefore, for obtaining an appropriate level of strength, the,meM»wrgicarmicrpstruc- 
tures^o^the'base^metal should be such that the martensite phase proportion exceeds 5Q% r by ^ojume-and jajfeijijp 
• phase is contained the rein: The 4 ferrite phase, proportion may be 0%, The martensite phase vplumexperqentage.in the 
15 : metallurgical micfo-strDbtures isrdesirably. 55-90%: The ferrite phase accounts-forrthe remainder^ and- th^ 

"cerifage f there^f 'is desirably^0-45%:^ *c< *. - ' - — v;*. *:A:tm s o ."ououoGiq aru o> 'A.v.rn ^., r ^ 

[0044] The strength of the base metal as hot-rolled or as welded for pipe.pnDductiQn: ls 2 tf«l^lyfeqtfiYa|Qnt : to !i tSie 
X-80^gradrdf strength (551 to'689 M Pa in yield strength) as defined in the -relevant- API standard.- For attaining, such 
- strengtfTit is hecessary^that the microstructu res contain a softferrite phase, namely the, 6-fenrite phase, as. a §ecqnd 
20 phase When the martensite phase proportion exceeds 90% by volume, -the strength becomes excessively^ h and 
' locardefomTatiori may^bccunn the weld portions during the construction .of -aipipeline. lt is therefore.des.rable^that t^e 
marteTisite phase^accourit for^no^more than 90% by volume; namely the^errite.phase.account.for not- less than. 10%, 
so as to suppress the increase in strength? When, on the other hand, the martensite phase proportion is less than 55% 
by volume? a yield strength -corresponding to . the X-80 grade may not be secured in.some instances. Therefore, it is 
25 ■ desirab'l^thaf m^'mgrtensite-phase volume percentage is 55^90%.^ *c ^iVkM-v yuAmK -ott -x-r 

[0045]^The volume ratio"between-the martensite phase and ferrite phase in.the metallurgical -microstructu res -can be 
determined by 'the point^counting. method.'rAccording to this* method ,t microscopic photographs. , of the metallurgical 
micmtructu'res'at 'armagnification of 1,000 (7.3 cm x 9.5 cm) are-taken in 5-fields an d^further. 4-fold: en large^ts 
i' mVreo^aTe?pfinted7Thenv unit-lines are drawn on these.photographs : at:&HTimipitchesrand are examined 

30 < wnllS^iving^tspbiht when 'a grid -is within a:martensite phase, J) (zero) point^when- it is wjthij^ 

3- H pbint whenlt is^ofTthe'boCindary-betweeh a martensite phase and;a»fenite 1 phase^Further;,the,total number o^gnds, is 
calculated and the proportion of each phase is determined by dividingithe SGOj»-oW&in^in : th^ 
; total numSer. This value^represents thelvolume proportion of the relevant phases ixogo *«\ orvo-D -o -o=l [8800] 
[0046] The metallurgical microstructures of the weld metal mainly comprise a martensite .,phas,e v and, cpntains t an 

35 austenit^^phase/'-The'micro^^ 

-• bility ; and weld *hot "cracking resistance of the weld metal portion can besecured,The,austenite phase.projDortipn is 
desifab^5-30%-by volume: with' the-martensfte phase proportion thus- being 70r.95% by volume. J n . particu laj% when 
the fusiori^welding method, which'tends toincrease an O (oxygen) content-in the -weld. metal. portoji^tiysed..--Jne 
-•^micfo's^ phase is effective for secu ring-toughness.^* n,v> >o %rv\ >u 31 '■ [ i BCdj 

40 [60471^^the'austehite1 p^hase' volume percentage ,(%)■ in the martensitic microstructures can.be determined, by^the 
-vfbiibwihgTffahoil. Fopa^pipe of plate? the intensity xatio of the austenite;{220} diffraction pattern tp the martensite phase 
{211}-aiffractidn' pattern is-deterrriined^for each of three sections, -namely a ; sectionjn : tbeydjrection / of rolling ,,a section 
perpendicular to the direction of rolling andia.section parallel to the:surface t ,by,the X ray, diffraction rnethodcUS.ng 7 the 
fay as the primary X ray. The austenite phase volume percentages are^hen calculated based on the npeasured 
45 values for the three sections and the mean values of the results is calculated. s^rn sJ sw 

v: [O 048] ^Since? however, the martensite phase and austenite phasejjiffer Jn diffraction, patterp intensrty^henc^erjpre 
v 'may oceUrre due to theidifferences"in characteristics from apparatus to/ apparatus, ft is necessary to^make.intensity 
-cbWectib^ marsensitic stainless steel and. austen it ic. stainless; steel blended in 

"a precietermihed phase' ratio: - - . a^:"*: ■ i '--^--V'- 



Chemical borhpositidns ofthe base metal and weld metal: 



.Ml-.;-?' ' ' i '■" . r f 



[0049] ^ C: When the^G content is high, both the base metal and weld metafile reas.e hardness. When the hardness 
is high the SCe resistance and sour gas resistance decrease, so that a low C content is desirable. For thebase metal, 
55 >in particular, the G "content-should be as low as possible and, when the C content is over 0.05%, the hardening in the 
welding heat affected zone becomes significant. In that case, the difference in yield strength between the base metal 
and weld metal portion increases and strains tend to be concentrated on the weld metal side at the boundary between 
the weld metal portion and welding heat affected zone at the weld bead toe. . When such a welded pipe is applied for 
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30 



conveying a high temperature fluid not treated for dehydration but containing chlorides in large amounts under a carbon 
/dioxide gas environment; it is apt to undergo stress corrosion cracking. Furtherrin an. environment containing a trace 
amount 6V hydrogen sulfide, its sour gas resistance decreases markedly^ 3 r?--v ^; -,.■*««■-.-. v 

[0050] Therefore, the C content of the base metal is determined to be not more than 0.05%, As for the weld metal, 
5 the upper limit of the C content is desirably higher as compared with the base metal so that the weld metal can be 
higher in strength than the base metal; thus, the upper limitof the C content is set to 0.1%. desirably. the.Qcontent is 
not more than 0.03% for the base metal and is not more than 0.05% for the weld metal. 

[0051F * Gr: Cris an element improving the corrosion resistance, in particular the Q0 2 resistance. Whenthe Cc content 
of 'the' base metal is less than 9%* and that .of the weld metal is. less *han>7%, the CQ 2 : resistance, is .not : sufficient for 
10 th^toe'to'-bS'uitoi^^iw^Afl a f carbon dioxide-co ntaining -fluid rea^^ 

or cruo^bil wrth no dehydration treatment Therefore, the lower limit of the Gr content;»s set to 9% Jor the base metal 
and'7%fbr-the^ldmetal. • ^ c -: y-:-- v ' w. v:™*™ : 

[0052] 'C'The upper limit- of the Cr content is set to 20% for both the base metal and weld metaLcWheathe.Cr content 
of the base^metal^bver 20%1 the^marterisite transformation temperatures point) lowers; whence. it ^difficult to. obtain , 
15 metallurgies martensite phaser In- particular whema plataas hot rolled is used as 

the base metal for the production of a welded pipe, it becomes difficult to secure the desirable lower limit, namely 55% 
^bVvolu^ priasecpfoportion . ^ ^ ***** ^ v ^ r -0*1 

[0053P WherVth<TCr cohtenf of the' weld metal is over 20%, ferrite phases tend to be formed, In that case, the met- 
allurgical microstmctur^ will not become dual phase; microstructu res mainly comprising a 
20 maftensrte-phase-arid^contam phase. * ' - -^r - ■--> 

■ [Ote^p^tK'erefofetthe' Cr content of the base metal should be 9-20%- and that of the, weld metal 7-20 A>. Since ; tne 
(56£f&&aSti*W more impfoved^s:the Cr content is higher, a desirable Gr content range is, 11 -20% , more desirably 
15-20% for the base~metarand 11-18%*4nore desirably 11-15%, for.the weld metal. >. - « *& 

[0055] ' The Gr content exerts important influences also on the sour gas resistance of the, base metal and weld metal 
25 and on the weld hot cracking susceptibility of the weld metal. These corrosion resistances are also influenced by^he 
contents^ austenite phase forming elements .-Therefore;, it is recommended 

1 that^Ke'Gr TOhUnt^is'selected corisideringnhe contents of such' elementsr;as?mentipned:later herein.- 
■ [0056]^« ; THe' elements mentioned-below are 1 elements which may be contained in the base metal, when^necessary. 
r 0 b57]S Si* Si is! an* element ^effective-fordeDxidation of the molten steel: in- the production of the. jbaserrnetaland in 
deoxidatidn of foe WbiV zone in the step of welding. Since, however; theitoughnessitends to decrease^ when -the Si 
content is'higher than-1%; the -content of :Sir when it is used as:the deoxidizeniis;desirably- not ;more. than ^.tojjhe 
base metaTas*^ desirable upper limit is:0:5%vjps <o «v:ir*a<ra 9m ore d^iriuoibo 

[0058] For producing the deoxidizing effect of Si, it is desirable that the- Si .contents be mot: less .than 0.01-%,- A more 
"desirable- MumttrtJOEKP'r- a -r.n-rr^ - - v .-r, v. ^^:^-:a^ v-^vJUswi* a ..-r ;£M;0i 

35 roos^— Accordingly, a'desirable^conteht of Si, when it is contained- ris 0.01 r1%, . more desirably 0.05-0.5 /o.-^r,,. 

[OOfeO]^ Mri:-Mri is^ah element iff ectivef or improving the deoxidation of the molten steel in the production of the.base 
metal * W the^deoxidati bh of the fusion zone in the step of welding, and the hot workability. of the steel. For producing 
- thW'effects"#is;desirable that its content is not less than 0.05%-for bothithe base metal and weld petals - 
[0061] The upper limit of the Mn contends preferably set at 2% f6r, both the, base :metal ; and, weld.metal, When the 
40 ^ 'Whk!t^i*te%tttma\!* over 2%v segregation" of Mn tends to. occuDWithin the^slabj for -.the ^production, ofjhe 
Base metal *herice'a decrease" in-tough hess^may occur duetto the .segregation ofMn.an&also the? SGC : resistance 
" lends'to'decreaseTA desirable upper-limit of the Mn content of the base metal is 1 %. When the Mn content of the weld 
-''meta^exceeds^ SGG resistance are apt to decrease. on a rutf-sna em oi TsUjctorea .*o 

r [0062r ^Accordingly, when m is added ,< the Mn content is 0.05r2%, desirably 0.05-1%, for bpth.the,base metal and 
45 weld metal rx.tts'u-.. ■ •■ ri^;.-» wrr s-i- • 'f- «ro::^ jernol *eut--*v 

- ; [00^r s Nr> NI is ah element effective for securing the toughness otthe.welding heat affected zone/in-high leyej;heat 
-ihput'weldirig-The is contained when it is necessary- to: attain Jh at effect. When its content isjess^han 3%, 

tHe^amouhfofferrite in -th* welding he'at Effected zone may become excessive,, leading to fail ure.rto; obta.O. sufficient 
strength and toughness in the welding heat affected zone. When, on the other hand, the Ni content^ .the base, metal 
so is higher than 9%, the Ms point lowers and the strength tends to decrease. A more desirable upper limit is 7%. 

[0064] In the weld metal, Ni is effective for increasing the austenite phase proportion. Therefore, when ft is necessary 
to obtain such effect, Ni is contained. For producing that effect, the Ni content is desirably not less than 2%, more 
desirably not less than 5%. When the Ni content of the weid metal is.ove#*0%Y the effect, of Ni saturates and an 
increased cost is caused, hence the upper limit of the Ni content of tfie weld metal is preferably set to 10%, 
55 [OOesr Accordingly, when it is desirableforthe base metal to contain Ni, its content is desirably 3-9%, more desirably 
3-7% or 4-7%. When the weld metal contains Ni, the content thereof is desirably 2-1 0%; more desirably 5-1 0%. Since 
Co has almost the same effect as that of Ni; Co may be substituted for part ' * , 

[0066] Mo, W and Cu: These elements are effective for improving the sour gas resistance of the base metal and of 



8 



BNSDOCID: <EP 



1179380A1J_> 



EP 1 179 380 A1 



the weld metal. Therefore, when the welded pipe is to be used for conveying. a hydrogen sulfide-containing.fluid, at 
least oneof those elements is preferably contained. Mo and Cu are particularly effective-for improving the sour, gas 

resistance: .-R-.. -c- .; - -.<?< -: -f ' ' - lis**.:-. j*. ■ =- . i 

[0067]* For obtaining the effect of these elements, the content of each of the elementsjn the base metaUnd in the 

5 ' weld metal is~prefefably riot less-than 0.5%: As for the base metal ,t however, when the Mo. content- exceeds 5%,.the 
toughness in ^the^weiaing - heat- affected: zone decreases "and, when the W content exceeds 6% .and the,. Cu. content 
exceeds 5%, the hot workability lowers. As'regards the weld metal, when the Mo content.exceeds.5% and when : the 
W content and CuWnteht- exceed ;6% and 3%; respectively, the weld hotcracking resistance decreases.?; 
[0068] - * Accordingly; wfie'n th'ese^elements are added to the base metal, the contents of Mo and Cu are each preferably 

10 0.5-5% and the W content is preferably 0.5-6%. A desirable range of the Mo content is 1 .5-4% and^a desirable range 
of the Cu content is 1 -3%. 

[0069] As for the weld metal, the Mo content is preferably 0.5-5% and each otthe W content and , Gu content, is 
preferably 0.5-3%. A desirable range of. the Mo content is. 1 .5-4% and a desirable range of the W content and of the 
Cu contentls' i c 3%. >?/ * *~'-- p : 'si&o: f . vWt rs • - > ::~ c.3h{>:w ?- rf otifi":*'.jtrv1 ti^no^na^ ir". ;^C^« " 

15 [Q070p r Sbl^Ai~ AHsah element effective forideoxidation of themotten steel, in base-metal production; or of,the-fusipn 
zone irvthe step" of welding. For obtaining thedeoxidation: effect of Al; it isrrecommendable.that the sol, Ahcpntent is 
not less than 0.001%forthe base metal asrwell as for the weld metal.vWhenr.oh!the c othen.hand- the soi^Akcontentjs 
■ over 0.1% } , alumina clusters- readily remain in the base metal or weld metal, hence toughness decreases: \3* : c<, : 
[0071] , Acco^dihgly, , "when Al is addedfthe sol. Al content is preferably 0.001-0.1% for both the base metal and weld 
20 •metal^X'desirable content range is 0.001-0:4%, more preferably 0.001-0.01%. .xj ; ;• * - -:r:.* 

-• [0072] - V and ZrPEach of these elements is effective for fixing C and N in the steel as the carbide or ; nitride and 
thereby reducing : the^ar^ yield strengthvof the basermaterial and of the weld metal. When 

' it isTiecessary ^obtain this effect; it is recommended that at least one of the elements is contained. That effect becomes 
significant at a content of hot less than 0.001 % for each element. However when the content of these elements exceeds 
25 'o.5% for the base metal or 0.3% for the weld metal, the base metal and weld metal both tend to^decrease toughness 
v an^'co?rosibh r resistahcet r - p r ! .... - .-na-w^ "-■ * - -^ — -os -m v 'v^, :«>.• « 
[0073] ^Accordingly, when these elements are added, a desirable, content of each: element is 0.001-0,5%, more de- 
sirably 0.001-0.3%, forthe base metal and 0.001-0.3%, more desirably 0:001*0.2%, for the weld metal.- -.-ic r^.io 
[0074]-" Ga arid Mg: These elements are effective for improving- the; hot* workability, oMh^basej-metal,- Furthermore, 
30 they are also effective for preventing nozzle choking at a time of casting a slab forthe base metal; by contin.uous,casti.ng. 
Therefore, when it is necessary to obtain these effects, at least one of the elements is preferably added. The effects 
of these elements become significant at a, content of not less than 0.0005% each. However when the content of each 
exceeds 0.05%, coarse oxide particles thereof tend to retrain' in the steel, so that the toughness of the base metal 
tends to decrease and the particles may serve as initiation sites of pitting to reduce the corrosion resistance. 
35 [0075] Accordingly, when these elements are to be contained jn^the base metal, their content should preferably be 
0.0005-0.05% for each of Ca and Mg. Vdesirable range is d.00d&-0.(J37o, more desirably 0.0005-0.01%. 
[0076] Ca and Mg can fix S in the weld metal and improve the weld hot cracking resistance. For obtaining the effect 
'of ifiese eiemehts^th'ey-are-preferably c at^a content of not less.than 0'0003%:*When< .however; the;cpntent 

' J ; :'of : these eleWShts'isWer o;Q3%^coarse^ oxide particles thereof readily .remaincin thet weld. metal and.Jn such cases, 
40 ^ 'trTe ^ particles serve, as initiation sites! of pitting* to possibly: decrease, the 

;; c6YrosionP ^resistances Therefore, when^ these" elements aresadded.i a." desirable. t content- ofs each \ Ga^and ; Mg is 
'^ - oVo'tidS-OTOS^Ss oatnqqs n\ aiuooo «®iv- f '; ».;- m •' ... ■". cf <r* '*ai 'oUmrt* ^^xic-^mac'-j-.:;/ ■ .-'u h nr ! /.f. 

^[OOTTf * Thin case§-wffe>eWe^meta1lurgical microstructure of the base metal- is constitutedof a martens|teiphase,and 
a ferrite phase, the presence of Ti reduces the toughness of the base metal. In particular when;the.Ji content- exceeds 
45 ^' c d.T%Vtn#^ecrease'ih-b becomes significant. Therefore; thehTr content of;the:base:metal.is preferablyinot 

; mofe'f hali d'^1%?- A desirable Ti content level is not more than 0.05% and a more. desirables ne< is not more : th.an 0.01 5%. 
: :[ [00781 --On the-other h'andfTi is'generally added to the weldmaterial to "stabilize thewelding.arc.Therefore.Ti remains 
; ^ -in -the' weld' metal? Trie inf IDen'ce^f Ti' ofrthe ' tou gH ness' of the weld metaUs relatively slight but,: at oyer t O ? 1% r .. the 
■ r 1oughnessW isdesirably not more than 0.1%, more desirably 

50 -~ ' n 'hbt-m6re ttSri b.65%; ! still- rrldfe desirabl^not more than 0.03%:^ <- 1< ^o^a-- : -.»r-^,v- r ... --s. i ; ^ n t 

' "[0079] 1 P, Sv r N "and O'arhorig impurities: Each of them is an element existing as an impurity and the content thereof 
in the base r metal and weld metal should be as low as possible.- - ~' ■ ■ 

[0080] When the P content exceeds 0.025%, the corrosion resistance ariciStbughness of the base metal and weld 
metal tend to decrease. Therefore, the P content is preferably not mote than 0.025%. A level not more than 0.015% 
55 is more desirable and a level not more than 0.01% is still more desirable. 

[0081] When the S content exceeds 0.01%, the hot workability, corrosion resistance and toughness of the base metal 
and the hot cracking resistance, corrosion resistance and toughness of the weld metal tend to decrease. Therefore, 
the S content in the base metal and in the weld metal is preferably not more than 0.01 %, more desirably not more than 
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0.005%, still more desirably: not more than 0.002%. 

[0082] When the N content exceeds 0.02% in the base metal or over 0.05% in the weld metal, the toughness and 
corrosion resistance of the base metal as hot rolled or as welded show a tendency toward decrease and the toughness 
and corrosion resistancerotthe weld metal tend to decrease. In particular,. the. toughness of the.welding heat affected 

5 zone -of~the base metal and the sour gas resistance of the base metal and;ofthe weldmetaltend_to decrease. Therefore, 
the'N content of the base metal is preferably not more tfran 0.02% and- that of; the weld metal not more than 0.05%. 
* FbrbbthWetals.'the N content 'of not more'than 0:01% is more desirable." ^ov.-r, .uu • ^ ■* : -■ ' ~ : - 
[0083] When the O (oxygen) content exceeds 0.01 %, the toughness: and corrosion resistance of : the base metal and 
of the Weld metal tend to decrease^Therefore, the O content is- desirably* not more than 0.01%, -more desirably not 

10 more-than 0.005%; * ; ' ? ■ - 



35 



Preferred modes of the chemical composition: • - . 

[0084] As mentioned hereinabove, the welded pipe of the invention shows excellent SCC resistance,when used for 

15 the 'conveyance of crude oils* or. the like without treatment for dehydration: Further, as described, under ^'Disclosure of 
Invention", the welded pipe'of the invention can have further beneficial characteristics when the,base metal or. weld 
meial^satisfies ^ the following'conditions with\ respect to the chemical compost i 
[0085] As* already-mentioned hereinabove; it is desirable that the metallurgical microstructures of the basemetal is 
" constituted of 55-90% martensite phase and 10-45% ferrite phase. For securing such metallurgical; microstructures 

20 and at the same time obtaining a base metal excellent in strength- and toughness and further showing such corrosion 
resistance features as sour gas resistance-even when the heat treatment after hot rolling.in the process of base metal 
plafepfdductibh arid/or the heat treatment after welding is omitted, it is desirable that the following conditions is satisfied. 
[0086]' r TY\e Cr, Ni and Ti contents'of the base metal should be as follows: Cr: 11-20%, .Ti: not<rnore than 0.05%, Ni: 
3-7%: And, when the base metal contains Mo, the contents of the elements. includingthese should satisfy the relations 

25 »(3)- and (4) 'shown below^simultaneously the relation (3) is a condition favorable to obtaining ajerrjte phase proportion 
of not less than 1 0% by volume and a martensite phase proportion of not more than 90% by volume while the/elati on 
.(4) 'is a condition* favorable to obtaining 1 a martensite phase proportion of not less -than 55% by yolu me. an d^a .ferrite 
phase proportion i of not:more than 45%' by volume. "V- ' • ' e : - 3 ,-r >! •:■- ^ /oVs** 

[0087]^" fhe^symbolS' of elements in the relations (3) and (4) denote the contents (% by mass) , of the respectiye.ele- 

30 l^ehtsxontalried i rfthe~ steel ^- : t * - ; - c : u v ::; f '.v^r c^:':^, .sir *™ *ertt x 

Cr+ 1.5Mo - Ni - 0.4CU - 14 s 0 . ( 3 ) 



(4) 



40 



45 



50 



* „ , Cr+ 1.5Mo -2Ni - 0.8Cu - 12.5 ^ 0 

-"Mi ; , mJc h't r jf\,.t .:■*.'-*■' - ■ '* .: " - j«" ; : *r -i* s f. - • 

[0088] nr Referring to the* weld metal, it is desirable that it is constituted of martensitic microstructures containing ,5-30% 
-'austenitS phase? as already/ mentioned hereinabove. rThe reason why such: metallurgical microstructures are desired 
^"isthat the^cracking^called weld hot cracking) is to be prevented from occurring in.the prpcess of solidification from the 
■ moften^stati in the step 4 of welding: and.the strength and toughness of thaweld metal is to.be imp.rpyedr. For preventing 
this cracking, a chemical composition should be selected such that ferrite phase occurs in appropriate ampunts-m the 
-solidificatibn-process and in the'cooling process after solidrfication : and. the ferrite. phase disappears while theAemper- 
-^ature'fallstb^bUt-200°G^6H J ojri^': i-vrtf'- • * • • .-t^nf-qiio 1 h&ou'tyr ' i >o onr.^asna vrtl j-?.«rlr- jjijw s 
- [0689p^Those ^conditions uhderwhich ferrite phases can occur in solidification process.shou ld.:be taken into consid- 
eration and, further, the weld metal-should be constituted of marten site, microstructu re containing t 5-3p% byjyolume of 
- : austen1te phases ; at ordinary.temperature. For that purpose, it is desirable to properly se]ect : the, contents; of tlie;ferrite- 
-^forming elements' Cr and Mo and austenite-forming element Ni while taking" the .contents thereof -into consideration 
■'simultaneously: For the-weled pipe ! of the present invention, the contents otCr;.Ni, Mo and Tjjn the base metal should 
be within thefollowing respective ranges: Cr: 1 5-20%, Ni: 4-7%, Mo:t1 5-4% : and,Ti: not more.than 0.015%; the contents 
of Cri'Ni^Mo, WandTi inthe weld metal should be within the following respective ranges: Cr: 11 Tf 18%T Ni: 5 : 10%vMo: 
1 .5-4%, W: 0-4% and Ti: not more than 0.03%; and the following relations (5) and (6) should be satisfied: 



55 



iW cr+Mo - 1.7Ni ^ 13 - 220 x 0 (oxydeh) 



(5) 



25 S Cr + Mo + 1 .8Ni S 30 ( 6 ) 



t 
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[0090] The relation (5) is directed to the ferrite phase formation in the process of solidification and the term "Cr + Mo 
- 1 .7 x Ni" is an empirical formula indicating the tendency toward ferrite phase formation. As the value of this formula 
decreases; the ferrite phase yield decreases. However, when the value of this formula is less than -1.r no ferrite phase 

• ^exists : at hfgh'temperatures immediately after solidification, hence weld hot cracking tends to occur. On the othechand, 
5 when the value of this formula is excessively high, the ferrite phase yield becomes excessive, hence the toughness 

j ^ar>raocpe • i I.Vjt ■ - . III 1 • " it.. . . . c. -- f ' »- ■ ' .i-. < . ■* * - 

* [0091] ^ThVtou'gK^^ 

P'iAd* "1:7* Kli -S-1 l 3 - 220 xb 7 ', in whictfthe O content is involved, is satisfied, the weld. metal obtained can_.ha.ve 
sufficient toughness? * f - r ■■ - 5 " ~ - : ' ^ - ' omc o-:cr-^: :r.i cp. ^ y m-.r *S ^t- 

?o [009^2]' Referring tbnhe ? relation (6), the term "Cr + Mo + 1 .8- x Ni? is an empirical formula indicating- : the4endency 
toward- austeriite phase fbrmatiohv When the value of this formula is.less than- 25; the-austenite-phase yield is.slight 
and 9 rio^sufficie 4 ht tbughnessjcan be obtained Conversely, when the value of this formula exceeds 30 ; the, austenite 
^pfiaseyiel8 b%come*s<excessiv^; hence Sufficient tensile s*trerigth=and:yield strength cannot be. secu red. ,- - ^uj- ? , 
' -[dd^p c ThVterrh' M suffic used referring to.the:weld metal means that -in.a.welded joint tensile 

15 '^iMf^{^6c6u?B''Wi th€f base metal portion but not in the weld metal.'portiorfrRor the: welded pipe ot the invention. the 
weld metal should have a tens ire' sfrengtrTdf not less than 650 MPa so that^the strength can be. not below the X-80 
iu gr%aS (nof Vess^ f hah^55"t" M PaWyield -strength) . * • ' r " f swio-'sa -*sir w&iiw. :.rr i$ow t 

N [0b§4] ,,i! Vtfhen the base^etai satisfies the above relations^) and (4) and the weld metal satisfies the -relations, (5) 

■^anB (6)ftffe r '^ (1 r * - ' 
20 [0095] ; 5 In addition tothe above features of- the welded pipe, when the chemical composition x>f the base metal .oom- 
■"^iTsesi-CTnWrnWthfiuro/O^, Sh-normofe than 0.5%, Mn • not more than T%vCr.-9-17%; Ni: 0-9%, W: 0*1%, GU: 
'< 0-3%; V: 0-0V3%1 : Ga: 0-0.01% Ti: hot mofe-than 0.1% and the balance: F chemical composition 

of the weld metal comprises: C: not more than 0.05%, Si: not more than' 0.5%7 Mn:. not-more than 1%, Cr: 9-20%, Ni: 
0-9%; W: 0-3%\ Gu: 0-3%, : V: 0-0.2%,'Ca: 0-0.01%, B: 0-0.01%, Ti: not more than 0.1% and the balance :~_Fe. and 

.-■it: l * ;c :»: .'.**: '-v: " ' 

: ~ : Use^^pip£f^ * • *' v , *n\ »-«sr-» -.civ ar.' : ^. ■ 'njiv.y 

— [bD96] lb ^^ for conveying a cruderoil or 

30 natural ? gas J wKire omitting the treatment In- particular? when the sideredge of.one^pipe is joined tojthe 

srde^ge'of^anotRef by welding -durihg"a construction of a pipeli ne? the -weld :metal portion and,the heat affected zone 
of trte baie ! m'etah need hot be-stibjeGted-to^pbstweld heat treatment. Thereforerthe pipeline can:be;used;as;welcied 
condition. The side edge-to-side edge"welding Tof pipes can be realized by applying such a welding method.as.the.SAW 
method, TIG method,°MIG nriethbd bf'MAG method. ^ -oH',ui;>- on r reor'>l 



25 



impurities, the welded pipe shows the* highest level of SCC resistance /M 
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Method of producing the welded pipe: 



[0097p The weld"ed ; pipeof-the present invention can be produced by a-conventional method of producing ordinary 
^ weldeti^ as follows: ' sr. ?fsm trio* TMb^il&fea: wi-- ^p.-r?.v,r,i-:'--o : 

40 [0098] First, a hot strip or thick plate is cut to a width substantially- equal tor.the outer circumference of the. product 
= pip^tfien'it is'formeci : irit3 ? rcyliridrieal form by the UOE method comprising forming by, means of a C press, a;U press 
•^and'an'O' ^res^. s fhe'j6imrig>orti6ns^^^ together by the SAWmethod to produce a welded pipe. In the 

? fo f rmir?g ^tagel^he^liicy rWetHddrspif al method; roll bending method orjlike^method may,also:be empJoyed.-,oir;3^ 
? -^[0099] r ^Th^^ flux and welding wire canj be 'selected: taking, into*consideration:ithe 

45 -^emlctr*comp8siti6 factors. In :cases: r where ^a fine adjustment: in- hardness becomes 

^ necWsary, 'tempering or- like treatment may:be 'carried out. • fi ? o <• n :**rw.r om n 'oxrtf&b 

[0100] The chemical composition of the base metal to be used can adequately be selected cons idering-the above 
: > ; conditions accofciirig'to thV'ihtended"use^ of the welded pipe. : H ^ ? jf-.va ^rtr ^ *mu* >:■■« 4 -af -o- [0(^0] 
^pi'Cf1] ilTlf Afe-f6r trie 'metriod-of 'pfaducihg-the~hot strip or thick plate, ham.ely: the; base metal, any.:Of the ^methods in 
50 "-"'conventiona employed: the' hot strip or thick plate may be produced by the method comprising hot rolling 

°^a coritihuSus9cast : slab of th'e r me'th6d comprising blooming a steel ingot, followed by hot.rollingr -n rviiso^- - 
[0102] In producing the base metal with a ferrite phase proportion of 1 0-45% byvolume (martensite phase proportion 
V * P of 55^90^ 'by Volume), the' heating temperature for the materia! prior to hotStylling is desirably.11 00°G-125a°C/ At a 
-'-l^d^ernt^ttifa exceeding' 1250 D C, ferrite phases-may precipitafe abundantly in some instances v with the result 
55 n ^thaf the^metallurgicarm cannot be constituted mainly- of- a martensite phase. At below 

"' 1 V00°crtrve material steel shows high deformation resistance, hence is difficult to hot roll; • 
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EXAMPLES 



T0103] The test methods used in Examples, 1 to 3 in common are as follows, Fig. 3 is a schematic drawing showing 
the sectional structure- of the weld portion formed by the single pass weld material 7 used in Examples 1. and 2 tot>e 

5 mentioned later herein.-. r ■ : ' -■ "• '•' ' J _ 

SCC resistance test: The size of test specimens was: thickness 5 mm x width 25.4 mm x length 1 65 mm. For each set 
of test conditions,' one test specimen was prepared in Example 1 and two specimens were prepared in Example,2.and 
Example 3. A bending stress was applied by setting the test specimen 5 on , a jig 6 for causing-bend.ng, as shown >n 
Fiq 2A and Fig. 2B, so that the bending amount might arrive at Y (mm). "Y» is the bending amount arrived at when a 

to stress equal, in value to the yield strength (YS) of the base metal-is applied as a (bending, stress) appearing; in tine 
equation shown ur-Fig. 2B at room temperature. The test specimens with this, bending amount given were, subjected 
to autoclave treatment? The treatment conditions were as follows: atmosphere ;- G0 2 . gas, at 30 atmospheres, test 
solution - 10%- (by mass):aqueous NaCllsolution at .lOO'C. immersion tim.e in soigtk>jir- c 7^.^our9,The.testsp^jpens 
■■- atter treatment were observed by the: eye for. occurrence of cracking.Jn cases.where.the orcurren.ce^/.npnoccurje/jce 

is : -of cracking could notbesconfirmedrdeflnttely. by. visual observation alone, .the, seQtion_.there.of was polished, and tnen 
observed for occurrence or.nonoccurence of cracking underan optical microscope, _>„■.,.•• :!«•-■: ' - ~. 
r0104l The evaluation was made as follows. When the number of tesstspecime.os -was one, the^ase where no.crack 
was found was' judged good anctthe case where cracking was foundwas judged defective," x?. When the .number 
of test specimens was 2; the. case where either specimen showed no cracking was judged gpod^CT, the case where 

20 one specimen showed cracking wasjudged poor ." A" and the case where both showed cracking was judged defective 
£ x " ' COo resistance test" The size of test specimens was: thickness-2 mm x width 20 mm x length- 50 mm. -The .est 
specimens were 'subjected to autoclave treatment under thesame conditions as in the SCO resistance test and -ex- 
amined forcorrosion rate in. that treatment: . '•" '- '.'"-""'••"J ■ ' r. 
[0l6Sp='The CO_ resistance evaluation was made as follows. The case where the dimensional loss was not more 

25 than 1 mm was evaluated good "& and other cases were evaluated defective"*". « a -.-.«:-:.--.-.■ ?-; «>•.-. 

Sour gas resistance test: The size and number of test specimens were the same as in the SCC res.stance test. The 
conditions of bending stress application were the same as in the SCC resistance test. The test specimens gryepjhe 
bending amount Y (mm) were subjected to autoclave treatment. The autoclave treatment conditions were as follows: 
atmdsphore -.e05gas.at:30.atmospheres;with H 2 S gas at a partial pressure of, 0.03 atmpspheje, ! :test,solutioi_ l - ; ip/o 

30 -(by mass) aqueous NaCI solution with pH.4:5 at a temperature of.25*C, immersion/time , 720 hours. The.test.specimens 
after tfeatm'ant wererobserved bythe eye for.occurrence of cracking. In pt^v^.lt^Dfmm^^'m^MP^ 
.ofcrackingscouldnot be-confirmed definitely by visual observation. alonenftfes^joa thereof , was polished and then 
bbserved-for occurrence or nonoccurence of cracking under-an optical microscope.;;^- : , soti ■■. - ~~ : •- ->.-> 
[0106] The evaluation criteria were the same as in the SCC resistance-test mentioned:aboye,- - - .- 



Example 1 



• [01071 niln Example 1 -the relation.between the weld.bead shape andthe SCC resistance w^s exanjined: Further,the 
combinations of five base metals and two weld materials differing in chemical composition-, metallurgfcaimiqrostnjctures 
to ' : .arid:terisile characteristics were alsoTexamined- ; ^ ■>■&•'■ •■ <>\ lu.. r e,3ln toirir •, uta, 'c r.ri= jfiC ;t>; 
= - [0108] ,2 imTable'trthereiaretshown the:chemical compositions and metallurgical .micipstructures, of 5..thick, plates 
^(symbols A^E)' namely:base metalsf the chemical compositions of the.weld materials (symbols F and G) used and the 
chemical compositiorisrahd- metallurgical microstructures of the weld.metals obt^^.fi^tb%<^lynatLons,;ftf.^ese 
yr base : metals:and weld;materialsl-AII-the.base metalswere martensitic.^tainless; steels cpntaming.ferrjt^ 
45 • *thk* ptete had*feen ; ad|a6tea so thatits strength was-of the X-80 grade4n.ot : lessttian.«Qtei (551 Mef5W.(jy«S!*Strjn9tn) 
defined in the API standard. The size of each thick plates for welding teat was.as.fp1lows: 12.7-254,mrri thick, 30p,mm 
v.Wide- , antl~iirh long: 'jerr.^W. eovi'j!^ cats • •• am to noij.^m -c-'nwin v> f (00 rO] - 

[0109] For the thick plates given the symbols B, D or E, steel plate. speQime_is. (2-:Specimens;_or4he qne.giyer.the 
symbOI3):fbf actual pipe maHrig:testingv*1920 mm wide and 6 m long, were prepared andffourilarge-d.iametej, thick- 
so ivtynn weldedpipes,:61 0 mmnri outside diameter and 6 m in length-, were produced bythe SAW metlio.d ; ,The ! chemical 
composition of the weld material used in.pipe making was that shown, in = Table:;1_.under the symbol G.The tests-made 

■ for the 1 welded pipes correspond to the-test numbers 33-36 in Table 4.' » 'r.-jr- -,■<: - -r.---.-r - \ 

f0f10]3" As for- the 300-mm-wide .thick. plates for. welding -testing,- one edgegside thereof in the width direction was 
• subjected to bevel machining according to the plate thickness and the beveled portions were joined and welded together 
55 bv the single-pass SAW method. Fig. 3 shows the sectional structure of :the weld bead portion of the test specimen 
after this welding (hereinafter referred to also as "weld joint"). The symbol 7 denotes the thick plate (base metal) and 
the symbol 2 denotes the weld metal. Two test specimens 5, 5 mm thick, 25.4 mm wide and 165 mm long, for four- 
point bending testing, with a weld bead, were each taken from the site of that weld joint as indicated in Fig. 4 and 
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subjected to corrosion testing. As for the 6 m-long welded pipes, test specimens 5 for corrosion testing were each 
taken from the site shown in Fig: 5 judged to be the highest in the weld bead portion h. t - — 
[01 1 1 1 As "for the weld metal, two chemical compositions were employed and the chemical compositions of the weld 
materials oLthe weld joint portions mentioned above are also shown in Table 1. For 32 single pass-welded materials 
and 4 welded pipe test specimens, the test specimen sizes and test specimen weld bead shapes as formed are shown 
in Tables 2 to 4 for the respective test numbers. ! ■ •; .. 

*"> ' * 1 t ■ ' . ■ ■ 

- - r • • ! - ■ i : . - 
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r0112l Among the single pass welded materials shown in Table 2 to Table 4, the materials of specimen numbers3-7 
were the same as those of the single pass welded material of specimen number 2 and the materials of spec.rnen 
numbers 18-21 were the same as the single pass welded. material of specimen number 17.- However, the both sides 
otherthan the length LWbeen cut off by cutting treatment to the same height as the base metal surface. 

s [01 1 3] And, each of the thus-obtained single pass weld materials and welded pipes was subjected to the following 
tests as welded, namely without any heat treatment afterwelding. ■ m 

[01 1 4] EachWst specimen was subjected to tensile test, weld bead shape measurement, SCC resistance test, CO a 
resistance test and sour gas Resistance test. - ' ? 
[0115] The tensile test conditions in Example 1 were as follows: . ... _ 

10 [01 1 61 For both the single pass weld materials and welded pipes, the test specimen sampling site was in the direction 
perpendicular to the steel plate rolling direction forthe base metal portions and in the direction tangential to the d.rect.on 
of seam welding for the base„metaLpprtions and the size of each test specimen was as follows: 8 mm ,n outs.de 
diameter a~nd"lo : mm in "parallel portion, length. The test.temperature.was 100°C or room .temperature and, at the 
temperature 100-C, the .yield strength ;tyS) of the base metal and of the weld metal I was.measured and, at room 

is temperatureVth'e tensile stferigtn (TS) and .yield strength (YS) of each of the.base and weltfmetals were examined. 
[0117] The results of the above tests are also shown in Tables 2 to 4. - _ . ■ 
[0118] The-r^sults' shown in Tables 2 to 4 indicate the following - - j- - ~ "- 

[0119] The single pass welded portions (specimen numbers 6-8, 10, 11; 13, 15, 16, 20-23, 25, 26, 28, 29, 31 and 
32) and welded pipes (specimen numbers 33-36) satisfying the conditions defined by the present invention with respect 

20 to the weld beadshape all showed good SCC resistance and were excellent in C0 2 resistance as well. 

[01201 As Vegans the so"ur gas resistance, the single pass welded portions and welded pipes other than those of 
specimen' numbers.20-23, 28, 29, 31 and 32 where the Mo content in the base.metal was low showed good results . 
From these results , it' was confirmed that when sour gas resistance is required, it is desirable to employ aether 
measure for improving. the sour gas resistance in combination with measures for satisfying the conditions defined by 

25 the present invention with respect to the weld bead shape. . : - 

[01211= On the other hand, those single pass welded portions which failed to satisfy the condrtions- defined by the 
present inWntion concerning the weld bead shape (specimen numbers 1-5,-9,12,14, 17-19, 24, 27, 30) were all poor 

in SCC .resistance. : r • r , 5 • , . . 

[0122r The specimens numbered 20-23, 28, 29, 31 , 32 and 36 whose weld bead shape satisfied the weld bead shape 
30 conditions defined by the present invention were excellent in SCC resistance and further in C0 2 resistance. Their sour 
qas resistance was poor, however. I. 

_ _ _ ,. _ -■ ~ ~~ - . --. 
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Example 2 



as [012315 in Example 2, the welded pipes satisfying the weld bead shape conditions defined by the invention, namely 
welded pipes showing good SCC resistance, were examined to find out the.desifable conditions concerning the chem- 
ical composition and metajfurgical microstructure of the base metal, in particular, the conditions to be .satisfied by the 
base metal, even as welded, to have good sour gas resistance and toughness were researched. *■ 

[01241s the chemical cornpositioris of 26 kinds of steel (base metals) tested" are-shownTnTTable 5 ; The 24 steels 
40 designatedftosl-u andjx^z were each worked up into a plate, 25 mm thick, 120 mm wideand 400;mm long by -the 
process o'f-meltin'g each stdel'in a small melting furnace, casting it into an-in^ot, heating.the resulting casting at 1200 C 
hot forlin'g the' same into a stub and, further, hot rolling the resulting slab! under the following:condit.ons: number of 
passes = 5, finisning.temperature ^ 980°-C. The steel designated Nos.s-u.were those in prior artjhe steels designated 
No.v arid W.were thick plates; 1 9 mm in thickness, for pipe production as produced in an actual plant.; 

* ^ - * ... ^ - ■ 
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[0125] A. welding wire, 4 mm. in_ diameter, containing C: 0.01%, Cr: 12%, Ni: 9% and Mo:J3% by mass and a high 
basicity bond flux were prepared. as the weld materials. 

[0126] And, mimicking the actual weltied.pipe production process, the side edges;. parallel to the direction of rolling, 
of each plate prepared were worked to give Y shape bevels with an angle of 60 degrees and a root face height of 13 
5 mm arid the worked portions were butt weided. Single pass welding was performed by. th;e.SAW method and the weld 
heat input was 7.5 -kJ/rnm.. \ ; -oj , . I'w'^ 

[0127] : Then, theSest specimens c mlhtioned below were taken from the base metal portion and butt welded portion 
after welding and examined^ orrmechamcaj/properties (yield strength arid toughriess) and sour gas resistance. 
[01 28] \ The tensile test specimens for yield strength measurement were^akenjrom a sitein the direction perpendicular 
10 to the direction of rolling ;of th^ bas^metafand had the shape of. a round baFwitri f diameter of 4 mm and a gauge 
length of -20 mm.; - -r - — r* r; ~--r- r- 

[0129] I The Cnarpy impact^t ^specinxens for toughness "measurement were;taken from a site in the direction per- 
pendicut^'tSWi^frectioK of rolling jandrnad the shape of.No. A specimen standardized in JIS Z ; 2202* (1 980) (length: 
75 mm {vfi'dtfcj^ impact t^t--sge^efns were^u^utftpm both the base metal and 

15 butt welded portion The No. 4 specimens! cut out from the butt welded portion were notched in the weld bond portion 
(boundary be^eK'the fusion ^nejand^hfused zone). The «ng£wa^ vTrs. 
[0130] | TnfleSt $eSlfifin? fo^r^ijPg&lrSsistarice test we're? taTcefffrjom^ site;in the^cfirection perpendicular to the 
directionof-roliingahd were^inotched.4-point bent bearn test specimens, 2 mmjn. thickness, 10 mm in width and 75 
mm in length As for the number of specimens, two were taken from the middle in the direction of thickness for the 
20 base metal and Jo r the butt; welded portion. The 4-point bent beam test specimens cut out from the butt welded portion 
were notched ;iri"-the weld bond portionin the same manner as -the above-mentioned Charpy impact test specimens. 
[0131] j The bencHrig stress applied in sour gas resistance test Was" as mentioned above. The specimen treatment 
condition^were^as^folTbwli almi)s$he>e"-caroon dioxide gas at a^artial pfe'ssure of 30: atmospheres ^and H 2 S gas at 
a partial pressure of 0.01. .atmosphere, solution - an aqueous solution containing 5% by mass of NaCI at a temperature 
25 of 25°ci immersion timei 200 fioursrf He spur gas resistance„was evaluated, by the method mentioned above. 

[0132] i The results oTimaterial characteristics evaluation are shown in Table £7 together with the calculated values 
forconfirming^relatlons (3) aricT(4y defined by the present invention concerning the desirable chemical composition 
of the base metal. . . *•=-■ ■- ■ 
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[01331 The results shown jn Table_6 clearly indicate the following. 

[0134] The chemical compositions of the specimens No's. 1-15 and 22-26 satisfied the relations (3) and (4) and the 
ferrite phase proportions were 12-43% by volume (martensite phase 57-88% by volume). Therefore, the base metal 
in the vicinity of the weld bead toe and the welding heat affected zone both showed good sour gas resistance and 
toughness. The yield strength was also high and met the X-80 grade requirement prescribed in API, namely 551-675 

MPa ' 1 * ' ' ^ : * * 

[0135] On the other hand; the socmen No's. 16, 17and19-21, which faile'd to satisfy one of the relations (3) or (4), 

were poor in at least one of sour gas resistance and toughness. Among them, the specimen Nos. 1 Sf-21 , namely the 

conventional steels, all had chemical compositions failing to satisfyjhe relation (3). and ^therefore,; the metallurgical 

microstructures showed a full rriartensite phase and no ferrite phase w.as^ present. As a result s the yield, strength was 

abnormally high, namely 820-843 MPa, although the toughness was good. i t 

[0136] It was therefore confirmed that when sour gas resistance and toughness are required in addition to SCC 

resistance, it is desirable for the base metal to satisfy the relations (3) and (4) and to have the ferrite phase proportion 

to be not more than ,45% by. volume. _ ...... ,.. >: . i 



m . * 



Example 3 , * J_ .... .... 

t , ' • ! 

[0137] In Example3, the welded pipes satisfying the weld bead shape requirements definedby the present invention, 
namely welded pipes having good SCC resistance, were examined to find out the desirable conditions to be satisfied 
by the chemical, composition and metallurgical microstructures of the wejd metal. |n particular, the conditions to be 
satisfied by the^Weld metair even as welded, to have good sour gas resistance- and toughness were researched. In 
Example 3 the investigations were also made concerning the weld hot cracking susceptibility. 

[0138]" In Exkmpie 3, the Welded porBorTof each welded pipe was investigated for confirming the desirable chemical 
compositions and metallurgical microstructures which the weld metal should have. For that purpose, the thick plates 
prepared'and designated Nos. v and w in Example 2 were used as the base metals. These ba§e metals were formed 
into open piResahB WeldWpip^sI SdS mm iri outside diameter (24 inches) a)id:19 mm in wall thickness;, were produced 

by weleiing the joining portions together by the SAW method. ' ' ■ ' | 1 I ' . 

[01391- iFoffbrming weld metal portions differing in chemical composition, 12 kinds of wire r 4 mmm diameter, differing 
in chemical Composition as shown in Table 7 were used as the weld material in pipe production. Further,,two k.nds of 
melting fluxoitfeiing in basicity were combinedly used in welding. Thus. 1 9 kinds of welcied gifee differing in weld metal 
cLmlai:composifc - 3-el&trode SAW method, 
heat input - 4.5 kJ/mm. the chemical compositions of the weld metals are shown- in Table 8. . , . 
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[0140] The weld metals„were evaluated for weld hot cracking resistance based on the occurrence or nonoccurrence 
of cracking in the weld metal portions of the above welded pipes. When no crack was observed, the weld hot cracking 



resistance was indicated by/'O; (good) and when cracking was observed, byJ'X" (P oor )- ' 

[0141] The test specimens f or tensile test were No. 5 specimens standardized in JIS Z 220.1 with a* parallel portion 
length of 11 0 mm and a gauge length of 1 00 mm. The specimens were taken in the direction pejpendicu lar to the fusion 
line so that the parallel portion contained the weld metal; welding. heat. affected zone and base metal. The test tem- 
perature was room temperature' The test results were indicated by m CT '(good) when the failure occurred* in the base 
metal portion and by "X M _ (poor) when the, failure occurred jn the weld metal portjph. , ^ u 

[01 42] The Charpy imVact'test specimens for toughness measureTne~rit^ from eacji weld joint m the direc- 

tion perpendicularto the weld bead. The specimens had the same shape and. size as in Example 2 and the notch of 
each specimen was fonmkjWtrTat it : was in the middle of the' weld metafrThe- test temperature was -3p°C and the 
toughness was evaluated^ terms of absorbed energy vE _ 30 o C - The toughness was evaluated as gpodf CP when the 
absorbed energy was hot'lessjhari 50 J and as poor "X" when it ^as^ssjtr^n^SO J. 5J '« a j 

[0143] The test specimens-fon sour gas resistance test had t^e'shape ;oTa plate, 5 mm in thickness; 2P |mm in width 
and 165 mm in parallel, portion length! The specimens we re take^hjn'the direction perpendicular to theiusion line so 
that the fusion line' (middle portion of the weld bead) was located in the middlejof the specimen length. As for the 
reinforcement of weld, one side retained c it and the reverse side was ground smopthly.-The method of bending stress 
application and the autoclave treatment conditions were as mentiphed^abbve. . ~ ~ 

[0144] The workability was evaluated by a test comprising bending the butt welded* plate at a radius of curvature 
which was twice the plate thickness. The test results were indicated by "CT (good workability) when no cracking, crush 
or like trouble occurred and by "X" (poor workability) for other cases. 
[0145] The test results are surnmarized in Table 9. 
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[0146] The specimens numbered 4, 6-8, 14 and 16-1 8, all satisfying the relations (5) and (6) defined by the present 
invention, gave good results in all characteristics, namely sour gas resistance, toughness, we|d hot cracking resistance, 
workability and tensile properties! The specimen numbered 13, however, which satisfied the relations (5) and (6), was 
inferior in sour gas resistance since the Cr content was 1 0.4%, thus' rather low. From this result, it was confirmed that 
for providing the weld metal with sour gas resistance, it is recommendable io increase the Cr content to 1 1 % or above 
while satisfying the relations (5) and (6) simultaneously. 

[01 47] The specimens given other numbers than those mentioned above failed to satisfy at least one of the relations 
(5) and (6) and, except for specimen t\!o..5, they were poor in at least one of sour gas resistance and toughness. The 
specimen numbered 5, which was an example in which the austenite phase proportion in the weld metal portion was 
as high as 40% by volume, was good in spur gas resistance and toughness but too low in tensile strength. 

INDUSTRIAL APPLICABILITY 



« * 



[0148] The martensitic 'steinless steel welded pipe of the inventions is excellent in^corrosibn resistance of pipe inside 
surface weld portion, in particular in { SCC 'resistance, in spite of its"being"a large- diameter,^ tnick- wall welded pipe. 
Further, the sour gas resistance, toughness and weld hot cracking resistance can be improved by selecting the chemical 
cfcmliosltiorr Therefore; ft Is very suited for use as a pipe for a>ipelihe for conveying a crude* oil or natural gas highly 
corrosive to metals while" omitting dehydration treatment. 
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Claims 



1. 



A martensitic stainless steel welded pipe which comprises a base, metal which is a stainless steel containing, on 
the mass % basis, not more than 0.05% of C and 9-20% of Cr and having a metallurgical microstructure comprising 
a full martensite phase or a martensite phase as the main constituent with a ferrite phase contained therein, and 
a seam weld metal which' is a stainless steef containing, on the mass % basis; not more than 0.1 % of C and 7-20% 
"orCrVnd' having a metallurgicaT microstructure comprising'^ martensite phase as the'- main constituent with an 
austenite phase contained therein, a seam weld bead on theinside surface satisfying the following relation(1): 



L ^ 0.2 X W 



0) 



35 



where L: the length of the portions of the seam weld bead showing a value of h which exceeds 1 .25 as calculated 
by the expression (2) shown below: 



h = {H(2x H/W)} x (YS B100 /YS w100 ) 



(2) 



40 



45 



50 



55 



2. 



where 



« ....>• 



- H: the height of the bead from the pipe inside surface (mm), 
W: the width of the beaci (mm), : '* 

YS B100 : the yield strength of the base metal at 1 00°C (MPa)p ■ 
YS w100 : the yield 'strength of the weld metal at 1 00°C (MPa). 

A welded pipe as claimed in Claim 1 , wherein the metallurgical microstructure of the base metal is constituted of, 
on the volume % basis, 55-90% martensite phase and 1 0-45%femte phase and that of the weld metal is constituted 
of, on the volume % basis, 70-95% martensite phase and 5-30% austenite phase, and wherein the chemical com- 
positions of the base metal,and weld metal are, on the mass % basis, as follows: 



Base metal: Si 


0.01-1%, 


sol. Al 


| 0 001 -0.1%, 


■-•V •. : 

Mn ; 


0.05-2%, 


V 


I 0-0.5%, 


Ni 


0-9%, 


Zr 


^o-o.SC 


Mo 


0-5%, 


Ca 


j 0-0.05%, 


W 


0-6%, 


Mg 


; 0-0.05%, ' 


Cu 


0-5%, 


T\ 


j not more than 0.1%, 

• 
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. (continued) 



*. J 
I ' X * I 




Balance 


; Fe, impurities; 


■ If. i 

. Weld metal: . Si - 


0.01-1%, 


sol. Al 


j 0.001 -0.1%, 


. Mn ■ 


0.05-2%, 


V 


S 0-0.3%, , • 


Ni 


0-1 0% : 


^ Zr. 


I 0-0.3%, 

• 


• * • • - - Mo-' 


- 0-5%, 


Ca 


! 0-0.03%, - , ' : 


W 


0-3%, 


Mg 


I 0-0.03%/ ' • 

• 


Cu 


. 0-3%, 


Ti " 


| hot more than 0.1%, 






Balance 


; Fe, fnpurfties.'' " 



■ .1-. . . • • • - . - -rf- -. . ■■ I 

the contents of P, S and O (oxygen) among the impurities being, for both the base metal and weld metal, P: not 
more than ( 0.025%, S; ; not more than 0.01% and.O: not more than ^Pt^, ^an^th^cpntent of^N : being not more 
►than 0.02% for. the base metal and not more than 0.05% for the wpld metal. ; . . ; ; - 9 , . . 

A welded pipe as claimed in Claim. 1 or 2 S wherein the contents of Cr, Ni and fury the base^metal* are , on the mass 
% basis, Cr: 11-20%, Ni: 3-7% and 71: not more than 0.05%, with the following relations (3) and (4) being satisfied: 

Cr + 1 .5Mo - Ni - 0.4Cu -14^0 (3) 

. *. 

Cr+ 1 .5M0 - 2Ni - 0.8CU - 12:5 0 ' (4) 

A welded pipe as claimed in any of Claims 1 to 3, wherein the contents o£Cr, Ni, Mo and Ti in the basjyjietal are, 
on the mass % basis, Cn 15-20%, Ni:. 4-7%, Mo: 1.5-4% andXi: not. more" thai} .0.01 syo^and'the^cpntents of Cr, 
Ni, Mo.-W and Ti in the weld metal are, on the mass % basis, Cr ,11-18%, lA^X^y^^^^^iJ?^ and 
Ti: not more than 0.03%, with the chemical composition of the weld metal satisfying the following relations (5) and 

(6): 

- 1 ^ Cr + Mo - 1 .7Ni 13 - 220 x O (oxygen) (5) 

* - w' • - 

• • - 

25 ^ Cr + Mo + 1 .8Ni ^ 30 . (6) 

A welded pipe as claimed in Claim 1 or 2, wherein the base metal and the weld metal in the seam portion respectively 
have the following chemical compositions on the mass % basis: 



Base metal: 


• 

• c 


not more than 0.05%, 


■ ■ 


■ 




SI | 


not more than 0.5%, 


V 


! 0-0.3%, . ..... < 

• 




Mn 


not more than 1%, 


vCa . f • 


-j 0-0.01%,,:* : .;w 3 : -, 




Cr 


9-17%, 


.Ti ..''** s - 


1 not more; than 0.1%, . 

• 




Ni j 


0-9%, 


Balance 


* 

j Fe, impurities, 


' " • " * , *i • , 




0-1%, 




• - 


' Weld metal: 




not more than 0.05%-, 


* - ■ 


s Cut 6-3%, - ' - 




Si 


not more than 0.5%, 


V 

• 


j 0f0:2%; ' 




Mn 


| hot more than 1 %, 


Ca 


| o*-b.oi%, 




Cr 


9-20%, 


B~ 


j 0-0.01%, - 

■ »-t ». - ■ 

■ - , « 1 * ^ W " i 




Ni . . 


0-9%, 


Ti 


I not more than 0.1%, 

• 




W 


0-3%, 


. Balance 

i 


4>£e, impurities. 



Use of a welded pipe as described in any of Claims 1 to 5, in a line pipe for conveying a crude oil or natural gas 
with no dehydration treatment. 
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o : bending stress 
E: Young's modulus 
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